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ESTIMATION APPARATUS AND METHOD
FOR A NONLINEAR CHARACTERISTIC

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the prionity benefit of Chinese
Patent Application No. 201510147371.7, filed on Mar. 31,

2015 1n the Chinese State Intellectual Property Oflice, the
disclosure of which 1s incorporated herein 1n 1ts entirety by
reference.

BACKGROUND

1. Field

The present disclosure relates to the field of communica-
tions, and in particular to an estimation apparatus and
method for a nonlinear characteristic.

2. Description of the Related Art

As the development of communication technologies,
transmission rates of a communication system are continu-
ously increased, and a nonlinear characteristic of the com-
munication system has become one of main factors affecting,
the system performance. In order to deal with the nonlinear
characteristic of the communication system, the nonlinear
characteristic needs to be estimated.

Existing methods for estimating the nonlinear character-
istic mcludes mainly the following two methods: the first
method 1s to directly compare an input time-domain wave-
form and an output time-domain wavelorm of a system to be
measured, so as to obtain an mput-output transfer function
of the system to be measured, thereby estimating the non-
linear characteristic of the system to be measured; and the
second method 1s to first establish a nonlinear model of the
system to be measured, and then train model coetlicients by
using a tramning sequence or an iterative method, thereby
estimating the nonlinear characteristic of the system to be
measured.

It should be noted that the above description of the
background 1s merely provided for clear and complete
explanation of the present disclosure and for easy under-
standing by those skilled in the art. And it should not be
understood that the above technical solution 1s known to
those skilled in the art as 1t 1s described 1n the background
of the present disclosure.

SUMMARY

An estimation error of the nonlinear characteristic of the
system with a larger bandwidth by using the above first
method 1s very large, which may underestimate the nonlin-
car characteristic, thereby resulting in a transmission failure
of the system; and measurement and calculation processes 1n
the above second method 1s very complicated, which 1s hard
to satisiy requirements of high-speed communication sys-
tems.

Embodiments of the present disclosure provide an esti-
mation apparatus and method for a nonlinear characteristic,
which may simply and quickly estimate the nonlinear char-
acteristic of the system to be measured by calculating
parameters ol a nonlinear model of the system to be mea-
sured according to measured fundamental power and har-
monic power of output signals of the system to be measured
on at least two frequency spots, with the accuracy of the
result of estimation being relatively high.

According to a first aspect of embodiments of the present
disclosure, there 1s provided an estimation apparatus for a
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2

nonlinear characteristic, including: a first calculating unit
configured to respectively calculate groups of nonlinear
coellicients of a nonlinear model of a system to be measured
corresponding to frequency spots according to measured
fundamental power and harmonic power of output signals of
the system to be measured on at least two frequency spots,
and take nonlinear coeflicients corresponding to one of the
at least two frequency spots as nonlinear coetlicients of the
nonlinear model of the system to be measured; a second
calculating unmit configured to calculate responses of a post-
filter of the nonlinear model of the system to be measured
according to the groups of nonlinear coeflicients of the
nonlinear model of the system to be measured corresponding
to the frequency spots calculated by the first calculating unat;
a third calculating unit configured to calculate responses of
a pre-filter of the nonlinear model of the system to be
measured according to measured linear filter responses of
the system to be measured and the responses of the post-
filter of the nonlinear model of the system to be measured
calculated by the second calculating unit; and an estimating
unit configured to estimate a nonlinear characteristic of the
system to be measured according to the nonlinear coefli-
cients of the nonlinear model of the system to be measured
calculated by the first calculating unit, the responses of the
post-filter of the nonlinear model of the system to be
measured calculated by the second calculating unit and the
responses of the pre-filter of the nonlinear model of the
system to be measured calculated by the third calculating
unit.

According to a second aspect of embodiments of the
present disclosure, there 1s provided an estimation method
for a nonlinear characteristic, including: respectively calcu-
lating groups of nonlinear coefhicients of a nonlinear model
of a system to be measured corresponding to frequency spots
according to measured fundamental power and harmonic
power ol output signals of the system to be measured on at
least two frequency spots, and taking nonlinear coethicients
corresponding to one of the at least two frequency spots as
nonlinear coeflicients of the nonlinear model of the system
to be measured; calculating responses of a post-filter of the
nonlinear model of the system to be measured according to
the groups of nonlinear coeflicients of the nonlinear model
of the system to be measured corresponding to the frequency
spots; calculating responses of a pre-filter of the nonlinear
model of the system to be measured according to measured
linear filter responses of the system to be measured and the
responses of the post-filter of the nonlinear model of the
system to be measured; and estimating a nonlinear charac-
teristic of the system to be measured according to the
nonlinear coeflicients of the nonlinear model of the system
to be measured, the responses of the post-filter of the
nonlinear model of the system to be measured and the
responses of the pre-filter of the nonlinear model of the
system to be measured.

An advantage of embodiments of the present disclosure
exists 1n that the nonlinear characteristic of the system to be
measured may be simply and quickly estimated by calcu-
lating parameters of the nonlinear model of the system to be
measured according to measured fundamental power and
harmonic power ol output signals of the system to be
measured on at least two frequency spots, without needing
to perform measurement of high complexity and train the
parameters of the nonlinear model, with the accuracy of the
result of estimation being relatively high.

With reference to the following description and drawings,
the particular embodiments of the present disclosure are
disclosed 1n detail, and the principles of the present disclo-
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sure¢ and the manners of use are indicated. It should be
understood that the scope of embodiments of the present
disclosure 1s not limited thereto. Embodiments of the present
disclosure contain many alternations, modifications and
equivalents within the spirits and scope of the terms of the
appended claims.

Features that are described and/or illustrated with respect
to one embodiment may be used 1n the same way or 1n a
similar way 1 one or more other embodiments and/or 1n
combination with or instead of the features of the other
embodiments.

It should be emphasized that the term “comprises/com-
prising/includes/including” when used 1n this specification
1s taken to specily the presence of stated features, integers,
steps or components but does not preclude the presence or
addition of one or more other features, integers, steps,
components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are included to provide further understand-
ing of the present disclosure, which constitute a part of the
specification and 1illustrate the exemplary embodiments of
the present disclosure, and are used for setting forth the
principles of the present disclosure together with the
description. It 1s clear and understood that the accompanying
drawings 1n the following description are some embodi-
ments ol the present disclosure only, and a person of
ordinary skill 1in the art may obtain other accompanying
drawings according to these accompanying drawings with-
out making an mventive effort. In the drawings:

FIG. 1 1s a schematic diagram of a structure of the
estimation apparatus for a nonlinear characteristic of
Embodiment 1 of the present disclosure;

FIG. 2 1s a schematic diagram of the nonlinear model of
the system to be measured of Embodiment 1 of the present
disclosure:

FIG. 3 1s a schematic diagram of measuring fundamental
power and harmonic power of Embodiment 1 of the present
disclosure:

FI1G. 4 1s a schematic diagram of a structure of the second
calculating unit 102 of Embodiment 1 of the present disclo-
SUre;

FIG. 5 1s a schematic diagram of a structure of the third
calculating unit 103 of Embodiment 1 of the present disclo-
Sure;

FIG. 6 1s a schematic diagram of measuring responses of
the linear filter of the system to be measured of Embodiment
1 of the present disclosure;

FIG. 7 1s a block diagram of a system structure of the
clectronic equipment 700 of Embodiment 2 of the present
disclosure:

FIG. 8 1s a flowchart of the estimation method for a
nonlinear characteristic of Embodiment 4 of the present
disclosure; and

FIG. 9 1s a flowchart of the estimation method for a
nonlinear characteristic of Embodiment 5 of the present
disclosure.

DETAILED DESCRIPTION

These and further aspects and features of the present
disclosure will be apparent with reference to the following
description and attached drawings. In the description and
drawings, particular embodiments of the disclosure have
been disclosed 1n detail as being indicative of some of the
ways 1n which the principles of the disclosure may be
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employed, but i1t 1s understood that the disclosure 1s not
limited correspondingly in scope. Rather, the disclosure
includes all changes, modifications and equivalents coming
within the terms of the appended claims.

Embodiment 1

An embodiment of the present disclosure provides an
estimation apparatus for a nonlinear characteristic. FIG. 1 1s
a schematic diagram of a structure of the estimation appa-
ratus for a nonlinear characteristic of Embodiment 1 of the
present disclosure. As shown 1n FIG. 1, the apparatus 100
includes: a first calculating unit 101, a second calculating
unit 102, a third calculating unit 103 and an estimating unit
104.

The first calculating unit 101 1s configured to respectively
calculate groups of nonlinear coeflicients of a nonlinear
model of a system to be measured corresponding to 1ire-
quency spots according to measured fundamental power and
harmonic power ol output signals of the system to be
measured on at least two frequency spots, and take nonlinear
coellicients corresponding to one of the at least two fre-
quency spots as nonlinear coeflicients of the nonlinear
model of the system to be measured.

The second calculating unit 102 1s configured to calculate
responses of a post-filter of the nonlinear model of the
system to be measured according to the groups of nonlinear
coellicients of the nonlinear model of the system to be
measured corresponding to the frequency spots calculated
by the first calculating unit 101.

The third calculating unit 103 1s configured to calculate
responses of a pre-filter of the nonlinear model of the system
to be measured according to measured linear filter responses
of the system to be measured and the responses of the
post-filter of the nonlinear model of the system to be
measured calculated by the second calculating unit 102.

The estimating unit 104 1s configured to estimate a
nonlinear characteristic of the system to be measured
according to the nonlinear coeflicients of the nonlinear
model of the system to be measured calculated by the first
calculating unit 101, the responses of the post-filter of the
nonlinear model of the system to be measured calculated by
the second calculating unit 102 and the responses of the
pre-filter of the nonlinear model of the system to be mea-
sured calculated by the third calculating unit 103.

It can be seen from the above embodiment that the
nonlinear characteristic of the system to be measured may be
simply and quickly estimated by calculating parameters of
the nonlinear model of the system to be measured according
to the measured fundamental power and harmonic power of
output signals of the system to be measured on at least two
frequency spots, with the accuracy of the result of estimation
being relatively high.

In this embodiment, the system to be measured may be
any system or apparatus needing to be performed estimation
of nonlinear characteristic. For example, the system to be
measured may be a whole communication system, and may
also be an amplifier or a laser.

In this embodiment, a Wienner-Hammerisein nonlinear
model, for example, may be used as the nonlinear model of
the system to be measured. FIG. 2 1s a schematic diagram of
the nonlinear model of the system to be measured of this
embodiment.

As shown 1n FIG. 2, the nonlinear model 200 includes a
pre-filter 201, a memoryless nonlinear transter function 202
and a post-filter 203. An mput signal of the pre-filter 201 1s
x(n), an output signal 1s z(n). The signal z(n) 1s inputted nto
the memoryless nonlinear transfer function 202, so as to
obtain an output signal u(n), and finally it passes through the
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post-filter 203, so as to obtain an output signal y(n) of the
whole nonlinear model. For example, a transfer function of
the memoryless nonlinear transfer function 202 may be
expressed as Formula (1) below:

u(n)=z(n)+coz2(n)+cyz” (1)

(1);

where, u(n) denotes the output signal of the memoryless
nonlinear transfer function 202, z(n) denotes the input signal
of the memoryless nonlinear transter function 202, and c,
and ¢, denote nonlinear coeflicients.

In this embodiment, the parameters of the nonlinear
model may include the nonlinear coeflicients ¢, and ¢, of the
memorvless nonlinear transier function 202, a response L1
of the pre-filter 201 and a response L2 of the post-filter 203.

In this embodiment, the nonlinear coeflicients of the
nonlinear model of the system to be measured refer to ¢, and
¢, ol one of the frequency spots, a response of the post-filter
of the nonlinear model refers to the response L2 of the
post-filter 203, and a response of the pre-filter of the
nonlinear model refers to the response L1 of the pre-filter
201.

In this embodiment, the first calculating umt 101 respec-
tively calculates groups of nonlinear coeflicients of the
nonlinear model of the system to be measured corresponding,
to the frequency spots according to the measured fundamen-
tal power and harmonic power of output signals of the
system to be measured on at least two frequency spots. For
example, the fundamental power and harmonic power of
output signals of the system to be measured on at least two
frequency spots may be measured by using an existing
method.

For example, the apparatus 100 of this embodiment may
turther include a transmitting unit 105 and a measuring unit
106.

The transmitting unit 105 1s configured to respectively
transmit signals of at least two frequency spots 1n turn, or
transmit signals of at least two frequency spots at the same
time, to the system to be measured, so as to be used for
measuring the fundamental power and harmonic power of
the output signals of the system to be measured on at least
two frequency spots; and the measuring unit 106 1s config-
ured to measure the fundamental power and harmonic power
of the output signals of the system to be measured on at least
two Ifrequency spofts.

In this embodiment, the transmitting unit 105 and the
measuring unit 106 are optional, which are shown by dotted
boxes 1n FIG. 1.

In this way, the measurement may be performed simply
and conveniently by simultaneously transmitting signals on
at least two frequency spots.

In this embodiment, the fundamental power and harmonic
power of the output signals on at least two frequency spots
need to be measured, the harmonic may be a second har-
monic or a third harmonic, and may also be a harmonic with
a higher order. Following description 1s illustrated taking
measurement of fundamental power and second harmonic
power and third harmonic power of the output signals on at
least two frequency spots as an example.

FIG. 3 1s a schematic diagram of measuring fundamental
power and harmonic power of this embodiment. As shown
in FIG. 3, the transmitting umt 105 transmits sinusoidal
signals P, and P, on two frequency spots I, and 1, simulta-
neously to the system to be measured, fundamental power
P, | of the frequency spot 1, second harmonic power P, , of
a frequency of 21, third harmonic power P, ; of a frequency
of 3t,, fundamental power P, of the frequency spot 1,
second harmonic power P, , of a frequency of 21t,, third
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harmonic power P, ; of a frequency of 31, of the received
signal are obtained through measurement at an output end of
the system to be measured.

In this embodiment, after measuring the fundamental
power and harmonic power of the output signals of the
system to be measured on at least two frequency spots, the
first calculating unit 101 calculates the groups of nonlinear
coellicients of the nonlinear model of the system to be
measured corresponding to the frequency spots according to
the fTundamental power and harmonic power, and take non-
linear coetlicients of one frequency spot as the nonlinear
coellicients of the nonlinear model.

In this embodiment, 1n respectively calculating the groups
of nonlinear coeflicients of the nonlinear model of the
system to be measured corresponding to the frequency spots,
the first calculating unit 101 may calculate the nonlinear
coellicients by using different methods according to symbols
of the nonlinear coeflicients. Following description 1s given
taking calculating nonlinear coeflicients corresponding to
the trequency spot 1, and taking the nonlinear coetlicients of
the frequency spot 1, as the nonlinear coeflicients of the
nonlinear model as an example.

For example, the nonlinear coeflicients corresponding to
the frequency spot 1, are calculated according to Formula (2)
below when the nonlinear coeflicients are negative numbers,
and the nonlinear coeflicients corresponding to the fre-

quency spot 1, are calculated according to formula (3) below
when the nonlinear coeflicients are positive numbers:

"y

|A=[2PL1 +34/2P13 (2)
24/ 2P12
4 Cry = — A2 .
44/ 2Py 3
| G T TTAB
(3)

| A=[2P; —34/2P;

24/ 2P12
= ;

44/ 2P1 3
L BT

4 Ca

where, ¢, and c, denote the nonlinear coeflicients corre-
sponding to the frequency spot f,, and P, ;, P, , and P, 4
respectively denote the fundamental power, second har-
monic power and third harmonic power of the output signal
of the system to be measured on the frequency spot 1.

In this embodiment, nonlinear coeflicients corresponding,
to other frequency spots than the frequency spot I, may be
obtained by the first calculating unit 101 by using a method
identical to the method for calculating the nonlinear coet-
ficients corresponding to the frequency spot 1, ; turthermore,
the nonlinear coeflicients of the other frequency spots may
also be taken as the nonlinear coeflicients of the nonlinear
model, which shall not be described herein any further.

In this embodiment, after the first calculating unit 101
calculates the groups of nonlinear coeflicients of the non-
linear model of the system to be measured corresponding to
the frequency spots, the second calculating unit 102 calcu-
lates the responses of the post-filter of the nonlinear model
of the system to be measured according to the groups of
nonlinear coetlicients. A structure of the second calculating
umt 102 of this embodiment a method for calculating the
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responses of the post-filter by the second calculating unit
102 shall be described below.

FI1G. 4 15 a schematic diagram of a structure of the second
calculating unit 102 of this embodiment. As shown 1n FIG.
4, the second calculating unit 102 includes a setting unit 401
configured to set the responses ol the post-filter of the
nonlinear model at a fundamental wave and harmonics of an
output signal of one of the at least two frequency spots to be
0 dB, and set the responses of the post-filter of the nonlinear
model at fundamental waves of output signals of other
frequency spots of the at least two frequency spots to be a
predefined value.

A fourth calculating unit 402 configured to calculate the
responses of the post-filter of the nonlinear model at har-
monics of the output signals of the other frequency spots
according to the groups of nonlinear coellicients correspond-
ing to the one of the at least two frequency spots and the
other frequency spots calculated by the first calculating unit
101 where, 1n calculating the responses of the post-filter of
the nonlinear model at harmonics of the output signals of the
other frequency spots, the harmonic power of the output
signals of the nonlinear model on the at least two frequency
spots 15 made to be identical to the measured harmonic
power of the output signals of the system to be measured on
the at least two frequency spots.

An extending unit 403 configured to extend the responses
of the post-filter to a whole band according to the responses
of the post-filter at the fundamental wave and the harmonics
of the at least two frequency spots.

In this embodiment, the method for calculating the
responses of the post-filter by the second calculating unit
102 shall be described taking two frequency spots 1, and 1,
as examples.

In this embodiment, the setting unit 401 sets the responses
of the post-filter of the nonlinear model at a fundamental
wave, a second harmonic and a third harmonic of an output
signal of the frequency spot 1, to be 0 dB; that is, setting the
responses ol the post-filter to the fundamental wave and
harmonics of the output signal of the frequency spot 1, to be
all-pass. In this embodiment, the first calculating unit 101
takes the nonlinear coeflicients of the frequency spot 1, as
the nonlinear coeflicients of the nonlinear model, that 1s, the
frequency spot 1, 1s taken as a reference frequency spot; 1f
the first calculating unit 101 takes the nonlinear coeflicients
of the frequency spot 1, as the nonlinear coeflicients of the
nonlinear model, the setting unit 401 sets the responses of
the post-filter of the nonlinear model at a fundamental wave,
a second harmonic and a third harmonic of an output signal
of the frequency spot 1, to be 0 dB; that 1s, the frequency spot
t, 1s taken as a reference frequency spot.

The setting umit 401 sets the responses of the post-filter of
the nonlinear model at a fundamental wave of an output
signal ot the frequency spot 1, to be predetined value rdB, .
with a unit of dB. In this embodiment, the predefined value
may be set according to an actual situation. For example, the
predefined value rdB,, 1s 0 dB, that 1s, setting the response
of the post-filter to the fundamental wave of the output
signal of the frequency spot 1, to be all-pass.

In this embodiment, the fourth calculating unit 402 cal-
culates the responses of the post-filter of the nonlinear model
at the harmonics of the output signal of the frequency spot
f, according to the nonlinear coeflicients ¢, ' and c¢; '
corresponding to the frequency spot f, and the nonlinear
coellicients ¢,' and c¢,' corresponding to the frequency spot
i, calculated by the first calculating unit 101. In this embodi-
ment, the harmonic power of the output signals of the
nonlinear model on the frequency spots 1, and 1, 1s made to
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be 1dentical to the measured harmonic power of the output
signals of the system to be measured on the frequency spots
f, and 1,.

For example, the fourth calculating unit 402 may calcu-
late the responses of the post-filter at the harmonics of the
output signal of the frequency spot 1, according to formulae

(4) and (35) below:

5 (4)
Fdefg = 20 $1Dg10(—] + 2$FdBf2,
2

3 (3)
Fngfz =20$1Gg10 — +3$FdBf2;

C3

where, rdB, , denotes the response of the post-filter at the
second harmonic of the output signal of the frequency spot
t,, rdB;, denotes the response ot the post-filter at the third
harmonic of the output signal of the frequency spot 1,, rdB,,
denotes the response of the post-filter at the fundamental
wave of the output signal of the frequency spot t,, ¢, and c,
denote the nonlinear coetlicients corresponding to the fre-
quency spot 1, and ¢,' and c;' denote the nonlinear coetli-
cients corresponding to the frequency spot 1.

In this embodiment, the setting unit 401 sets the responses
of the post-filter at the fundamental wave, the second
harmonic and the third harmonic of an output signal of the
frequency spot 1, to be 0 dB, and sets the response of the
post-filter at a fTundamental wave of an output signal of the
frequency spot 1, to be rdB,. The fourth calculating unit 40
obtains the responses of the post-filter at the second har-
monic and the third harmonic of the output signal of the
tfrequency spot 1, being rdB, » and rdB, », respectively. The
extending unit 403 extends the responses of the post-filter to
a whole band according to the responses of the post-filter at
the fundamental wave, the second harmonic and the third
harmonic of the output signal of the frequency spots 1, and
t,. In this embodiment, an existing method may be used for
the extension. For example, methods of linear interpolation
and endmost point maintenance may be used for the exten-
S1011.

In this embodiment, after the extending unit 403 extends
the responses of the post-filter to the whole band, the second
calculating unit 102 inputs the calculated responses of the
post-filter to the third calculating unmit 103, and the third
calculating unit 103 calculates the responses of the pre-filter
of the nonlinear model of the system to be measured
according to the measured responses of the linear filter of the
system to be measured and the responses of the post-filter of
the nonlinear model of the system to be measured calculated
by the second calculating unit 102. A structure of the third
calculating umt 103 and a method for calculating the
responses ol the pre-filter shall be illustrated below.

FIG. 5 1s a schematic diagram of a structure of the third
calculating unit 103 of this embodiment. As shown 1n FIG.
5, the third calculating unit 103 includes a subtracting unit
501.

The subtracting unit 501 i1s configured to subtract the
responses of the post-filter of the nonlinear model of the
system to be measured calculated by the second calculating
umt 102 from the measured linear filter responses of the
system to be measured, so as to obtain the responses of the
pre-filter of the nonlinear model of the system to be mea-
sured.

In this embodiment, the responses of the linear filter of the
system to be measured may be measured by using an
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existing method. FIG. 6 1s a schematic diagram of measuring
responses of the linear filter of the system to be measured of
this embodiment. As shown 1n FIG. 6, sinusoidal signals of
multiple frequency spots are transmitted to the system to be
measured, received signals are obtained at an output end of
the system to be measured, and power of the received signals
1s divided by power of the transmission signals according to
corresponding frequencies, so as to obtain the responses of
the linear filter of the system to be measured.

In this embodiment, the subtracting unit 501 may calcu-
late the response of the pre-filter of the nonlinear model
according to Formula (6) below:

L1=L-L2 (6):

where, L1 denotes a response of the pre-filter of the
nonlinear model, L denotes a response of the linear filter of
the system to be measured, and 1.2 denotes a response of the
post-filter of the nonlinear model.

In this embodiment, after the first calculating unit 101, the
second calculating umt 102 and the third calculating unit
103 calculate the nonlinear coetlicients of the nonlinear
model of the system to be measured, the responses of the
post-filter and the responses of the pre-filter, the estimating,
unit 104 estimates the nonlinear characteristic of the system
to be measured according to the nonlinear coethicients, the
responses of the post-filter and the responses of the pre-filter.

In this embodiment, as the response L1 of the pre-filter
201, the nonlinear coetficients ¢, and ¢, of the memoryless
nonlinear transfer function 202 and the response L2 of the
post-filter 203 1 FIG. 2 are obtained, for the mnput signal
x(n), the output signal y(n) may be obtained, and the
estimating unit 104 may compare the output signal y(n) with
the mput signal x(n), so as to obtain the nonlinear charac-
teristic of the system to be measured.

In this embodiment, the apparatus 100 may further
include an adjusting unit 107 configured to adjust input
and/or parameters of the system to be measured at least
once; and the first calculating unit 101, the second calcu-
lating unit 102 and the third calculating umit 103 calculate
the nonlinear coetlicients, the responses of the post-filter and
the responses of the pre-filter of the nonlinear model of the
system to be measured after each.

An averaging unit 108 configured to average the nonlinear
coellicients, the responses of the post-filter and the responses
of the pre-filter of the nonlinear model of the system to be
measured before adjustment and the nonlinear coeflicients,
the responses of the post-filter and the responses of the
pre-filter of the nonlinear model of the system to be mea-
sured after each adjustment, calculated by the first calculat-
ing unit 101, the second calculating unit 102 and the third
calculating unit 103, so as to obtain averaged nonlinear
coellicients, responses of the post-filter and responses of the
pre-filter of the nonlinear model of the system to be mea-
sured.

The estimating unit 104 estimates the nonlinear charac-
teristic of the system to be measured according to the
nonlinear coeflicients, responses of the post-filter and
responses of the pre-filter of the nonlinear model of the
system to be measured averaged by the averaging unit 108.

In this embodiment, the adjusting umt 107 and the aver-
aging unit 108 are optional, which are shown by dotted
boxes 1n FIG. 1.

In this embodiment, the adjusting unit 107 may adjust the
input of the system to be measured. For example, it may
adjust input power of the system to be measured or a spectral
shape of an iput signal; and the adjusting unit 107 may also
adjust the parameters of the system to be measured. For
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example, when the system to be measured 1s an amplifier, 1t
adjusts a gain of the amplifier; when the system to be
measured 1s a laser, it adjusts a modulation depth of the
laser; and when the system to be measured 1s a communi-
cation system, 1t adjusts input power or a transmission length
of the communication system; furthermore, the adjusting
unit 107 may also adjust both the input and parameters of the
system to be measured.

In this embodiment, the adjusting unit 107 may adjust the
input and/or the parameters of the system to be measured at
least once. For example, the number of times of adjustment
may be defined according to an actual situation.

In this embodiment, the methods of the first calculating
umt 101, the second calculating unit 102 and the third
calculating unit 103 for calculating the nonlinear coeflicients
of the nonlinear model, the responses of the post-filter and
the responses of the pre-filter, of the system to be measured
alter each adjustment, are 1dentical to those described above,
and shall not be described herein any further.

In this way, by obtaining multiple groups of parameters of
the nonlinear model by adjusting the input and/or the
parameters of the system to be measured, and by estimating
the nonlinear characteristic of the system to be measured
according to the averaged nonlinear coetlicients of the
nonlinear model, the accuracy of the result of estimation
may further be improved, and the range of application 1s
relatively broad.

In this embodiment, description 1s given taking the mea-
surement of the fundamental power and harmonic power of
two frequency spots as examples. However, embodiments of
the present disclosure are also applicable to cases of three or
more frequency spots, with a method of calculation being
similar to that for the case of two frequency spots, which
shall not be described herein any further. When the number
of measured frequency spots 1s increased, the number of
frequency spots extended by the extending unit 403 1s also
increased.

It can be seen from the above embodiment that the
nonlinear characteristic of the system to be measured may be
simply and quickly estimated by calculating parameters of
the nonlinear model of the system to be measured according
to the measured fundamental power and harmonic power of
output signals of the system to be measured on at least two
frequency spots, with the accuracy of the result of estimation
being relatively high.
Embodiment 2

An embodiment of the present disclosure further provides
clectronic equipment, including the estimation apparatus for
a nonlinear characteristic described in Embodiment 1. FIG.
7 1s a block diagram of a system structure of the electronic
equipment 700 of Embodiment 2 of the present disclosure.
As shown 1 FIG. 7, the electronic equipment 700 may
include a central processing umt 701 and a memory 702, the
memory 702 being coupled to the central processing unit
701. This figure 1s exemplary only, and other types of
structures may be used to supplement or replace this struc-
ture for the realization of telecommunications functions or
other functions. The electronic equipment may be equip-
ment that 1s separately manufactured and used, and may also
be a module integrated into a receiver or a transmitter of a
communication system.

As shown 1 FIG. 7, the electronic equipment 700 may
turther include an input unit 703, a display 704, and a power
supply 705.

In an implementation, the functions of the estimation
apparatus for a nonlinear characteristic described 1n
Embodiment 1 may be integrated into the central processing
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unit 701. In this embodiment, the central processing unit 701
may be configured to respectively calculate groups of non-
linear coeflicients of a nonlinear model of a system to be
measured corresponding to frequency spots according to
measured fundamental power and harmonic power of output
signals of the system to be measured on at least two
frequency spots, and take nonlinear coetlicients correspond-
ing to one of the at least two frequency spots as nonlinear
coellicients of the nonlinear model of the system to be
measured; calculate responses of a post-filter of the nonlin-
car model of the system to be measured according to the
groups ol nonlinear coeflicients of the nonlinear model of
the system to be measured corresponding to the frequency
spots; calculate responses of a pre-filter of the nonlinear
model of the system to be measured according to measured
linear filter responses of the system to be measured and the
responses of the post-filter of the nonlinear model of the
system to be measured; and estimate a nonlinear character-
1stic of the system to be measured according to the nonlinear
coellicients of the nonlinear model of the system to be
measured, the responses of the post-filter of the nonlinear
model of the system to be measured and the responses of the
pre-filter of the nonlinear model of the system to be mea-
sured.

In this embodiment, the respectively calculating groups of
nonlinear coeflicients of a nonlinear model of a system to be
measured corresponding to frequency spots according to
measured fundamental power and harmonic power of output
signals of the system to be measured on at least two
frequency spots includes: calculating the nonlinear coetli-
cients by using different methods according to different
symbols of the nonlinear coetlicients.

In this embodiment, the calculating responses of a post-
filter of the nonlinear model of the system to be measured
according to the groups of nonlinear coeflicients of the
nonlinear model of the system to be measured corresponding,
to the frequency spots 1includes: setting the responses of the
post-filter of the nonlinear model at a fundamental wave and
harmonics of an output signal of one of the at least two
frequency spots to be 0 dB, and setting the responses of the
post-filter of the nonlinear model at fundamental waves of
output signals of other frequency spots of the at least two
frequency spots to be a predefined value; calculating the
responses of the post-filter of the nonlinear model at har-
monics ol the output signals of the other frequency spots
according to the groups of nonlinear coetlicients correspond-
ing to the one of the at least two frequency spots and the
other frequency spots; wherein, 1n calculating the responses
of the post-filter of the nonlinear model at harmonics of the
output signals of the other frequency spots, the harmonic
power of the output signals of the nonlinear model on the at
least two frequency spots 1s made to be identical to the
measured harmonic power of the output signals of the
system to be measured on the at least two frequency spots;
and extending the responses of the post-filter to a whole
band according to the responses of the post-filter at the
fundamental wave and the harmonics of the at least two
frequency spots.

In this embodiment, the calculating responses of a pre-
filter of the nonlinear model of the system to be measured
according to measured linear filter responses of the system
to be measured and the responses of the post-filter of the
nonlinear model of the system to be measured includes:
subtracting the responses of the post-filter of the nonlinear
model of the system to be measured from the measured
linear filter responses of the system to be measured, so as to
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obtain the responses of the pre-filter of the nonlinear model
of the system to be measured.

In this embodiment, the central processing unit 701 may
turther be configured to adjust input and/or parameters of the
system to be measured at least once; calculate the nonlinear
coellicients, the responses of the post-filter and the responses
of the pre-filter of the nonlinear model of the system to be
measured after each adjustment; average the nonlinear coet-
ficients, the responses of the post-filter and the responses of
the pre-filter of the nonlinear model of the system to be
measured before adjustment and the nonlinear coeflicients,
the responses of the post-filter and the responses of the
pre-filter of the nonlinear model of the system to be mea-
sured after each adjustment, so as to obtain averaged non-
linear coellicients, responses of the post-filter and responses
of the pre-filter of the nonlinear model of the system to be
measured; and estimate the nonlinear characteristic of the
system to be measured according to the averaged nonlinear
coellicients, responses of the post-filter and responses of the
pre-filter of the nonlinear model of the system to be mea-
sured.

In this embodiment, the central processing unit 701 may
turther be configured to respectively transmit signals of at
least two frequency spots 1n turn, or transmit signals of at
least two frequency spots at the same time, to the system to
be measured, so as to be used for measuring the fundamental
power and harmonic power of the output signals of the
system to be measured on at least two frequency spots.

In another implementation, the estimation apparatus for a
nonlinear characteristic described in Embodiment 1 and the
central processing unit 701 may be configured separately.
For example, the estimation apparatus for a nonlinear char-
acteristic may be configured as a chip connected to the
central processing unit 701, with 1ts functions being realized
under control of the central processing unit 701.

In this embodiment, the electronic equipment 700 does
not necessarily include all the parts shown i FIG. 7.

As shown 1n FIG. 7, the central processing unit 701 1s
sometimes referred to as a controller or control, and may
include a microprocessor or other processor devices and/or
logic devices. The central processing unit 701 receives input
and controls operations of every components of the elec-
tronic equipment 700.

The memory 702 may be, for example, one or more of a
bufler memory, a flash memory, a hard drive, a mobile
medium, a volatile memory, a nonvolatile memory, or other
suitable devices. And the central processing unit 701 may
execute a program stored 1n the memory 702, so as to realize
information storage or processing, etc. Functions of other
parts are similar to those of the prior art, which shall not be
described herein any further. The parts of the electronic
equipment 700 may be realized by specific hardware, firm-
ware, software, or any combination thereof, without depart-
ing from the scope of the present disclosure.

It can be seen from the above embodiment that the
nonlinear characteristic of the system to be measured may be
simply and quickly estimated by calculating parameters of
the nonlinear model of the system to be measured according
to the measured fundamental power and harmonic power of
output signals of the system to be measured on at least two
frequency spots, with the accuracy of the result of estimation
being relatively high.
Embodiment 3

An embodiment of the present disclosure further provides
a communication system, including electronic equipment
and other parts and devices used for communication, such as
a recerver, a transmitter, an optical fiber link, a laser, and an
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amplifier, etc. A structure and function of the electronic
equipment are 1dentical to that described in Embodiment 2,
and shall not be described herein any further. And one or
more of the other parts and devices used for communication
correspond(s) to the system to be measured described 1n
embodiments 1 and 2, with parts and devices included 1n the
system to be measured may be determined according to an
actual situation.

It can be seen from the above embodiment that the
nonlinear characteristic of the system to be measured may be
simply and quickly estimated by calculating parameters of
the nonlinear model of the system to be measured according,
to the measured fundamental power and harmonic power of
output signals of the system to be measured on at least two
frequency spots, with the accuracy of the result of estimation
being relatively high.

Embodiments of the present disclosure further provide an
estimation method for a nonlinear characteristic, as
described 1n embodiments 4 and 5 below. As the principles
of the method for solving problems are similar to the
tfunctions of the components of the estimation apparatus for
a nonlinear characteristic of Embodiment 1, the implemen-
tation of the estimation apparatus for a nonlinear character-
istic of Embodiment 1 may be referred to for the implemen-
tation of the method, and the repeated parts shall not be
described any further.

Embodiment 4

FIG. 8 1s a flowchart of the estimation method for a
nonlinear characteristic of Embodiment 4 of the present
disclosure. As shown 1n FIG. 8, the method includes:

Step 801: respectively calculating groups of nonlinear
coellicients of a nonlinear model of a system to be measured
corresponding to frequency spots according to measured
fundamental power and harmonic power of output signals of
the system to be measured on at least two frequency spots,
and taking nonlinear coeflicients corresponding to one of the
at least two frequency spots as nonlinear coetlicients of the
nonlinear model of the system to be measured.

Step 802: calculating responses of a post-filter of the
nonlinear model of the system to be measured according to
the groups of nonlinear coeflicients of the nonlinear model
of the system to be measured corresponding to the frequency
Spots.

Step 803: calculating responses ol a pre-filter of the
nonlinear model of the system to be measured according to
measured linear filter responses of the system to be mea-
sured and the responses of the post-filter of the nonlinear
model of the system to be measured.

Step 804: estimating a nonlinear characteristic of the
system to be measured according to the nonlinear coefli-
cients of the nonlinear model of the system to be measured,
the responses of the post-filter of the nonlinear model of the
system to be measured and the responses of the pre-filter of
the nonlinear model of the system to be measured.

In this embodiment, the methods for measuring funda-
mental power, the harmonic power and the responses of the
linear filter, the methods for calculating the groups of
nonlinear coetlicients, the responses of the post-filter and the
responses of the pre-filter and the method for estimating the
nonlinear characteristic according to the results of the above
calculation are i1dentical to those described in Embodiment
1, and shall not be described herein any further.

It can be seen from the above embodiment that the
nonlinear characteristic of the system to be measured may be
simply and quickly estimated by calculating parameters of
the nonlinear model of the system to be measured according,
to the measured fundamental power and harmonic power of
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output signals of the system to be measured on at least two
frequency spots, with the accuracy of the result of estimation
being relatively high.

For example, in an implementation, the respectively cal-
culating groups of nonlinear coeflicients of a nonlinear
model of a system to be measured corresponding to ire-
quency spots according to measured fundamental power and
harmonic power of output signals of the system to be
measured on at least two frequency spots includes: calcu-
lating the nonlinear coeflicients by using different methods
according to different symbols of the nonlinear coetlicients.

In an implementation of this embodiment, the calculating
responses of a post-filter of the nonlinear model of the
system to be measured according to the groups of nonlinear
coellicients of the nonlinear model of the system to be
measured corresponding to the frequency spots includes:
setting the responses of the post-filter of the nonlinear model
at a fundamental wave and harmonics of an output signal of
one of the at least two frequency spots to be 0 dB, and setting
the responses of the post-filter of the nonlinear model at
fundamental waves of output signals of other frequency
spots of the at least two frequency spots to be a predefined
value; calculating the responses of the post-filter of the
nonlinear model at harmonics of the output signals of the
other frequency spots according to the groups of nonlinear
coellicients corresponding to the one of the at least two
frequency spots and the other frequency spots; wherein, 1n
calculating the responses of the post-filter of the nonlinear
model at harmonics of the output signals of the other
frequency spots, the harmonic power of the output signals of
the nonlinear model on the at least two frequency spots 1s
made to be 1dentical to the measured harmonic power of the
output signals of the system to be measured on the at least
two Irequency spots; and extending the responses of the
post-filter to a whole band according to the responses of the
post-filter at the fundamental wave and the harmonics of the
at least two frequency spots.

In an implementation of this embodiment, the calculating
responses of a pre-filter of the nonlinear model of the system
to be measured according to measured linear filter responses
of the system to be measured and the responses of the
post-filter of the nonlinear model of the system to be
measured 1ncludes: subtracting the responses of the post-
filter of the nonlinear model of the system to be measured
from the measured linear filter responses of the system to be
measured, so as to obtain the responses of the pre-filter of the
nonlinear model of the system to be measured.

In an implementation of this embodiment, the method
further includes: adjusting input and/or parameters of the
system to be measured at least once; and calculating the
nonlinear coetlicients, the responses of the post-filter and the
responses of the pre-filter of the nonlinear model of the
system to be measured after each adjustment; averaging the
nonlinear coeflicients, the responses of the post-filter and the
responses of the pre-filter of the nonlinear model of the
system to be measured before adjustment and the nonlinear
coellicients, the responses of the post-filter and the responses
of the pre-filter of the nonlinear model of the system to be
measured after each adjustment, so as to obtain averaged
nonlinear coeflicients, responses of the post-filter and
responses ol the pre-filter of the nonlinear model of the
system to be measured; and estimating the nonlinear char-
acteristic of the system to be measured according to the
averaged nonlinear coeflicient, responses of the post-filter
and responses of the pre-filter of the nonlinear model of the
system to be measured.
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In an 1mplementation of this embodiment, the method
turther 1includes: respectively transmitting signals of at least
two frequency spots in turn, or transmitting signals of at
least two frequency spots at the same time, to the system to
be measured, so as to be used for measuring the fundamental
power and harmonic power of the output signals of the
system to be measured on at least two frequency spots.
Embodiment 5

FIG. 9 1s a flowchart of the estimation method for a
nonlinear characteristic of Embodiment 5 of the present
disclosure. As shown in FIG. 9, the method includes Step
901: respectively calculating groups of nonlinear coetl-
cients of a nonlinear model of a system to be measured
corresponding to frequency spots according to measured
fundamental power and harmonic power of output signals of
the system to be measured on at least two frequency spots,
and taking nonlinear coeflicients corresponding to one of the
at least two frequency spots as nonlinear coethlicients of the
nonlinear model of the system to be measured.

Step 902: calculating responses of a post-filter of the
nonlinear model of the system to be measured according to
the groups of nonlinear coeflicients of the nonlinear model
of the system to be measured corresponding to the frequency
Spots.

Step 903: calculating responses of a pre-filter of the
nonlinear model of the system to be measured according to
measured linear filter responses of the system to be mea-
sured and the responses of the post-filter of the nonlinear
model of the system to be measured.

Step 904 judging whether the number of times of adjust-
ment of the input and/or the parameters of the system to be
measured reaches a predefined value; entering into step 905
when a result of judgment 1s “no”’; and entering 1nto step 906
when a result of judgment 1s “yes”. In this embodiment, the
predefined value may be determined according to an actual
situation:

Step 903: adjusting the input and/or the parameters of the
system to be measured.

Step 906: averaging the nonlinear coeflicients, the
responses of the post-filter and the responses of the pre-filter
of the nonlinear model of the system to be measured before
adjustment and after each adjustment.

Step 907: estimating the nonlinear characteristic of the
system to be measured according to the averaged nonlinear
coellicients, responses of the post-filter and responses of the
pre-filter of the nonlinear model of the system to be mea-
sured.

In this embodiment, the methods for measuring funda-
mental power, the harmonic power and the responses of the
linear filter, the methods for calculating the groups of
nonlinear coeflicients, the responses of the post-filter and the
responses of the pre-filter, the method for adjusting the input
and/or parameter of the system to be measured and the
method for estimating the nonlinear characteristic according,
to the results of calculation are i1dentical to those described
in Embodiment 1, and shall not be described herein any
turther.

It can be seen from the above embodiment that the
nonlinear characteristic of the system to be measured may be
simply and quickly estimated by calculating parameters of
the nonlinear model of the system to be measured according,
to the measured fundamental power and harmonic power of
output signals of the system to be measured on at least two
frequency spots, with the accuracy of the result of estimation
being relatively high.

And by obtaining multiple groups of parameters of the
nonlinear model by adjusting the input and/or the parameters
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of the system to be measured, and by estimating the non-
linear characteristic of the system to be measured according
to the averaged nonlinear coetlicients of the nonlinear
model, the accuracy of the result of estimation may further
be improved, and the range of application 1s relatively broad.

An embodiment of the present disclosure further provides
a computer-readable program, wherein when the program 1s
executed 1n an estimation apparatus for a nonlinear charac-
teristic or electronic equipment, the program enables the
estimation apparatus for a nonlinear characteristic or the
clectronic equipment to carry out the estimation method for
a nonlinear characteristic as described in Embodiment 4 or
3.

An embodiment of the present disclosure further provides
a storage medium 1n which a computer-readable program 1s
stored, wherein the computer-readable program enables an
estimation apparatus for a nonlinear characteristic or elec-
tronic equipment to carry out the estimation method for a
nonlinear characteristic as described 1n Embodiment 4 or 5.

The above apparatuses and methods of the present dis-
closure may be implemented by hardware, or by hardware 1n
combination with software. The present disclosure relates to
such a computer-readable program that when the program 1s
executed by a logic device, the logic device 1s enabled to
carry out the apparatus or components as described above,
or to carry out the methods or steps as described above. The
present disclosure also relates to a storage medium for
storing the above program, such as a hard disk, a tloppy disk,
a CD, a DVD, and a flash memory, efc.

The present disclosure 1s described above with reference
to particular embodiments. However, 1t should be under-
stood by those skilled 1n the art that such a description 1s
illustrative only, and not intended to limit the protection
scope of the present disclosure. Various variants and modi-
fications may be made by those skilled in the art according
to the principles of the present disclosure, and such variants
and modifications fall within the scope of the present
disclosure.

For the implementation of the present disclosure contain-
ing the above embodiments, following supplements are
turther disclosed.

Supplement 1. An estimation apparatus for a nonlinear
characteristic, including a first calculating unit configured to
respectively calculate groups of nonlinear coeflicients of a
nonlinear model of a system to be measured corresponding
to Irequency spots according to measured fundamental
power and harmonic power of output signals of the system
to be measured on at least two frequency spots, and take
nonlinear coeflicients corresponding to one of the at least
two frequency spots as nonlinear coeflicients of the nonlin-
car model of the system to be measured.

A second calculating unit configured to calculate
responses of a post-filter of the nonlinear model of the
system to be measured according to the groups of nonlinear
coellicients of the nonlinear model of the system to be
measured corresponding to the frequency spots calculated
by the first calculating unat.

A third calculating unit configured to calculate responses
of a pre-filter of the nonlinear model of the system to be
measured according to measured linear filter responses of
the system to be measured and the responses of the post-
filter of the nonlinear model of the system to be measured
calculated by the second calculating unit.

An estimating unit configured to estimate a nonlinear
characteristic of the system to be measured according to the
nonlinear coeflicients of the nonlinear model of the system
to be measured calculated by the first calculating unit, the
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responses ol the post-filter of the nonlinear model of the
system to be measured calculated by the second calculating
unit and the responses of the pre-filter of the nonlinear model
of the system to be measured calculated by the third calcu-
lating unait.

Supplement 2. The apparatus according to supplement 1,
where, 1n respectively calculating the groups of nonlinear
coellicients of the nonlinear model of the system to be
measured corresponding to the frequency spots, the first
calculating unit calculates the nonlinear coeflicients by using
different methods according to different symbols of the
nonlinear coethicients.

Supplement 3. The apparatus according to supplement 2,
wherein the first calculating unit calculates the nonlinear
coellicients according to Formula (1) below when the non-
linear coeflicients are negative numbers, and calculates the
nonlinear coeflicients according to Formula (2) below when
the nonlinear coeflicients are positive numbers:

(A=[2P; +3y2P;; (1)

24/ 2P
4 Cr = — A2 .

44/2P 3

¢y =
\ A3

(A=[2P11 —34/2P; (2)

24/ 2P
= — ;

44/2P1 3
L ST

£ C2

where, ¢, and ¢, denote the nonlinear coetlicients corre-
sponding to one of the at least two frequency spots, and P, |,
P, , and P, ; respectively denote the fundamental power,
second harmonic power and third harmonic power of the
output signal of the system to be measured on the frequency
Spot.

Supplement 4. The apparatus according to supplement 1,
wherein the second calculating unit includes a setting unit
configured to set the responses of the post-filter of the
nonlinear model at a fundamental wave and harmonics of an
output signal of one of the at least two frequency spots to be
0 dB, and set the responses of the post-filter of the nonlinear
model at fundamental waves of output signals of other
frequency spots of the at least two frequency spots to be a
predefined value.

A Tfourth calculating unit configured to calculate the
responses of the post-filter of the nonlinear model at har-
monics ol the output signals of the other frequency spots
according to the groups of nonlinear coeflicients correspond-
ing to the one of the at least two frequency spots and the
other frequency spots calculated by the first calculating unit;
wherein, in calculating the responses of the post-filter of the
nonlinear model at harmonics of the output signals of the
other frequency spots, the harmonic power of the output
signals of the nonlinear model on the at least two frequency
spots 15 made to be identical to the measured harmonic
power of the output signals of the system to be measured on
the at least two frequency spots.

An extending unit configured to extend the responses of
the post-filter to a whole band according to the responses of
the post-filter at the fundamental wave and the harmonics of
the at least two frequency spots.
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Supplement 5. The apparatus according to supplement 1,
wherein the third calculating unit includes a subtracting unit
configured to subtract the responses of the post-filter of the
nonlinear model of the system to be measured calculated by
the second calculating unit from the measured linear filter
responses of the system to be measured, so as to obtain the
responses ol the pre-filter of the nonlinear model of the
system to be measured.

Supplement 6. The apparatus according to supplement 1,
wherein the apparatus further includes an adjusting umit
configured to adjust input and/or parameters of the system to
be measured at least once; and the first calculating unait, the
second calculating unit and the third calculating unit calcu-
late the nonlinear coeflicients, the responses of the post-filter
and the responses of the pre-filter of the nonlinear model of
the system to be measured after each adjustment.

An averaging unit configured to average the nonlinear
coellicients, the responses of the post-filter and the responses
of the pre-filter of the nonlinear model of the system to be
measured before adjustment and the nonlinear coeflicients,
the responses of the post-filter and the responses of the
pre-filter of the nonlinear model of the system to be mea-
sured after each adjustment, calculated by the first calculat-
ing unit, the second calculating unit and the third calculating
unit, so as to obtamn averaged nonlinear coelflicients,
responses of the post-filter and responses of the pre-filter of
the nonlinear model of the system to be measured.

The estimating unit estimates the nonlinear characteristic
of the system to be measured according to the nonlinear
coellicients, responses of the post-filter and responses of the
pre-filter of the nonlinear model of the system to be mea-
sured averaged by the averaging unit.

Supplement 7. The apparatus according to supplement 1,
wherein the apparatus further includes a transmitting unit
configured to respectively transmit signals of at least two
frequency spots 1n turn, or transmit signals of at least two
frequency spots at the same time, to the system to be
measured, so as to be used for measuring the fundamental
power and harmonic power of the output signals of the
system to be measured on at least two frequency spots.

Supplement 8. Electronic equipment, including the appa-
ratus as described in any one of supplements 1-7.

Supplement 9. An estimation method for a nonlinear
characteristic, including respectively calculating groups of
nonlinear coeflicients of a nonlinear model of a system to be
measured corresponding to frequency spots according to
measured fundamental power and harmonic power of output
signals of the system to be measured on at least two
frequency spots, and taking nonlinear coetlicients corre-
sponding to one of the at least two frequency spots as
nonlinear coeflicients of the nonlinear model of the system
to be measured.

An estimation method for a nonlinear characteristic
includes calculating responses of a post-filter of the nonlin-
car model of the system to be measured according to the
groups of nonlinear coeflicients of the nonlinear model of
the system to be measured corresponding to the frequency
spots; and calculating responses of a pre-filter of the non-
linecar model of the system to be measured according to
measured linear filter responses of the system to be mea-
sured and the responses of the post-filter of the nonlinear
model of the system to be measured.

An estimation method for a nonlinear characteristic
includes estimating a nonlinear characteristic of the system
to be measured according to the nonlinear coethicients of the
nonlinear model of the system to be measured, the responses
of the post-filter of the nonlinear model of the system to be
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measured and the responses of the pre-filter of the nonlinear
model of the system to be measured.

Supplement 10. The method according to supplement 9,
where, the respectively calculating the groups of nonlinear
coellicients of the nonlinear model of the system to be
measured corresponding to the frequency spots according to
the measured fundamental power and harmonic power of
output signals of the system to be measured on at least two
frequency spots includes: calculating the nonlinear coetli-
cients by using different methods according to different
symbols of the nonlinear coetlicients.

Supplement 11. The method according to supplement 10,
wherein the nonlinear coetlicients are calculated according,
to Formula (1) below when the nonlinear coeflicients are
negative numbers, and the nonlinear coetlicients are calcu-
lated according to Formula (2) below when the nonlinear
coellicients are positive numbers:

r‘ A= \/QPLl + 3\/2131?3 (1)

24/ 2P
4 Cr = — A2 .

4y/2P 5

c3 =
\ A3

(A=2P; —32P;; 2)

2 2P
S ;

44/2P1 3
L BT TR

3 C2

where, ¢, and ¢, denote the nonlinear coetlicients corre-
sponding to one of the at least two frequency spots, and P, |,
P, , and P, ; respectively denote the fundamental power,
second harmonic power and third harmonic power of the
output signal of the system to be measured on the frequency
Spot.

Supplement 12. The method according to supplement 9,
wherein the calculating responses of a post-filter of the
nonlinear model of the system to be measured according to

the groups of nonlinear coeflicients of the nonlinear model
of the system to be measured corresponding to the frequency
spots includes: setting the responses of the post-filter of the
nonlinear model at a fundamental wave and harmonics of an
output signal of one of the at least two frequency spots to be
0 dB, and setting the responses of the post-filter of the
nonlinear model at fundamental waves of output signals of
other frequency spots of the at least two frequency spots to
be a predefined value; calculating the responses of the
post-filter of the nonlinear model at harmonics of the output
signals of the other frequency spots according to the groups
of nonlinear coeflicients corresponding to the one of the at
least two frequency spots and the other frequency spots;
wherein, in calculating the responses of the post-filter of the
nonlinear model at harmonics of the output signals of the
other frequency spots, the harmonic power of the output
signals of the nonlinear model on the at least two frequency
spots 15 made to be identical to the measured harmonic
power of the output signals of the system to be measured on
the at least two frequency spots; and extending the responses
of the post-filter to a whole band according to the responses
of the post-filter at the fundamental wave and the harmonics
of the at least two frequency spots.
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Supplement 13. The method according to supplement 12,
wherein the calculating responses of a pre-filter of the
nonlinear model of the system to be measured according to
measured linear filter responses of the system to be mea-
sured and the responses of the post-filter of the nonlinear
model of the system to be measured includes: subtracting the
responses of the post-filter of the nonlinear model of the
system to be measured from the measured linear filter
responses of the system to be measured, so as to obtain the
responses ol the pre-filter of the nonlinear model of the
system to be measured.

Supplement 14. The method according to supplement 9,
wherein the method further includes: adjusting input and/or
parameters of the system to be measured at least once, and
calculating the nonlinear coeflicients, the responses of the
post-filter and the responses of the pre-filter of the nonlinear
model of the system to be measured after each adjustment;
averaging the nonlinear coeflicients, the responses of the
post-filter and the responses of the pre-filter of the nonlinear
model of the system to be measured before adjustment and
the nonlinear coeflicients, the responses of the post-filter and
the responses of the pre-filter of the nonlinear model of the
system to be measured after each adjustment, so as to obtain
averaged nonlinear coeflicients, responses of the post-filter
and responses of the pre-filter of the nonlinear model of the
system to be measured; and estimating the nonlinear char-
acteristic of the system to be measured according to the
averaged nonlinear coellicient, responses of the post-filter
and responses of the pre-filter of the nonlinear model of the
system to be measured.

Supplement 15. The method according to supplement 9,
wherein the method further includes: respectively transmit-
ting signals ol at least two Irequency spots in turn, or
transmitting signals of at least two frequency spots at the
same time, to the system to be measured, so as to be used for
measuring the fundamental power and harmonic power of
the output signals of the system to be measured on at least
two frequency spots.

The embodiments can be mmplemented 1 computing
hardware (computing apparatus) and/or software, such as (in
a non-limiting example) any computer that can calculate,
store, retrieve, process and/or output data and/or communi-
cate with other computers. The results produced can be
displayed on a display of the computing hardware. A pro-
gram/software i1mplementing the embodiments may be
recorded on computer-readable media comprising computer-
readable recording media. The program/software i1mple-
menting the embodiments may also be transmitted over
transmission communication media. Further, according to an
aspect of the embodiments, any combinations of the
described features, functions and/or operations can be pro-
vided.

What 1s claimed 1s:

1. An estimation apparatus for estimating a nonlinear
characteristic of a system to be measured of a communica-
tion system, to improve the communication system perfor-
mance by dealing with the nonlinear characteristic of the
system, the estimation apparatus 1s configured in one of an
clectronic equipment and a receiver and a transmitter of the
communication system, the estimation apparatus compris-
ng:

a first calculating unit configured to respectively calculate
groups ol nonlinear coeflicients of the nonlinear model
of the system to be measured corresponding to fre-
quency spots according to measured fundamental
power and harmonic power of output signals of the
system to be measured on at least two frequency spots,
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and take nonlinear coeflicients corresponding to one of
the at least two frequency spots as nonlinear coetli-
cients of the nonlinear model of the system to be
measured;

second calculating unit configured to calculate
responses ol a post-filter of the nonlinear model of the

system to be measured according to the groups of
nonlinear coeflicients of the nonlinear model of the
system to be measured corresponding to the frequency
spots calculated by the first calculating unit;

a third calculating unit configured to calculate responses

of a pre-filter of the nonlinear model of the system to
be measured according to measured linear filter
responses of the system to be measured and the
responses ol the post-filter of the nonlinear model of
the system to be measured calculated by the second
calculating unit; and

an estimating unit configured to estimate the nonlinear

characteristic of the system to be measured according
to the nonlinear coeflicients of the nonlinear model of
the system to be measured calculated by the first
calculating unit, the responses of the post-filter of the
nonlinear model of the system to be measured calcu-
lated by the second calculating umit and the responses
of the pre-filter of the nonlinear model of the system to
be measured calculated by the third calculating unit.

2. The apparatus according to claim 1, wherein,
in respectively calculating the groups of nonlinear coet-

ficients of the nonlinear model of the system to be
measured corresponding to the frequency spots, the
first calculating umit calculates the nonlinear coefli-
cients by using different methods according to different
symbols of the nonlinear coetlicients.

3. The apparatus according to claim 2, wherein the first

e

1cients accord-

calculating unit calculates the nonlinear coe

ing to Formula (1) below when the nonlinear coeflicients are

1cients

negative numbers, and calculates the nonlinear coet
according to Formula (2) below when the nonlinear
cients are positive numbers:

A=[2P1; +342P;

24/ 2P
4 Cr = — A2 .

4y/2P 5

3 =
\ A3

A =[2P1 —3y2P3

2/ 2P
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44/ 2P 3
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where, ¢, and ¢, denote the nonlinear coeflicients

coeth-

(1)

(2)

COITC-

sponding to one of the at least two frequency spots, and
P, . P, and P, ; respectively denote the fundamental
power, second harmonic power and third harmonic
power of the output signal of the system to be measured

on the frequency spot.

4. The apparatus according to claim 1, wherein the second

calculating unit comprises:
a setting unit configured to set the responses

of the

post-filter of the nonlinear model at a fundamental
wave and harmonics of an output signal of one of the
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at least two frequency spots to be 0 dB, and set the
responses of the post-filter of the nonlinear model at
fundamental waves of output signals of other frequency
spots of the at least two Irequency spots to be a
predefined value;

fourth calculating unit configured to calculate the
responses ol the post-filter of the nonlinear model at
harmonics of the output signals of the other frequency
spots according to the groups of nonlinear coeflicients
corresponding to the one of the at least two frequency
spots and the other frequency spots calculated by the
first calculating unit; wherein, 1n calculating the
responses of the post-filter of the nonlinear model at
harmonics of the output signals of the other frequency
spots, the harmonic power of the output signals of the
nonlinear model on the at least two frequency spots 1s
made to be 1dentical to the measured harmonic power
of the output signals of the system to be measured on
the at least two frequency spots; and

an extending unit configured to extend the responses of

the post-filter to a whole band according to the
responses ol the post-filter at the fundamental wave and
the harmonics of the at least two frequency spots.

5. The apparatus according to claim 1, wherein the third

calculating unit comprises:
a subtracting unit configured to subtract the responses of

the post-filter of the nonlinear model of the system to
be measured calculated by the second calculating unit
from the measured linear filter responses of the system
to be measured, so as to obtain the responses of the
pre-filter of the nonlinear model of the system to be
measured.

6. The apparatus according to claim 1, wheremn the

apparatus further comprises:
an adjusting unit configured to adjust input and/or param-

cters of the system to be measured at least once; and the
first calculating unit, the second calculating unit and the
third calculating umt calculate the nonlinear coetli-
cients, the responses of the post-filter and the responses
of the pre-filter of the nonlinear model of the system to
be measured after each of the adjustment by the adjust-
ing unit; and

an averaging unit configured to average the nonlinear

coellicients, calculated by the first calculating unit, the
responses of the post-filter, calculated by the second
calculating unit, and the responses of the pre-filter of
the nonlinear model of the system to be measured,
calculated by the third calculating unit, before the
adjustment by the adjusting unit and average the non-
linear coeflicients, calculated by the first calculating
unit, the responses of the post-filter, calculated by the
second calculating unit, and the responses of the pre-
filter of the nonlinear model of the system to be
measured, calculated by the third calculating unit, after
cach of the adjustment by the adjusting unit, so as to
obtain averaged nonlinear coellicients, responses of the
post-filter and responses of the pre-filter of the nonlin-
car model of the system to be measured; and

the estimating unit estimates the nonlinear characteristic

of the system to be measured according to the nonlinear
coellicients, the responses of the post-filter and the
responses of the pre-filter of the nonlinear model of the
system to be measured averaged by the averaging unit.

7. The apparatus according to claim 1, wherein the

65 apparatus further comprises:

a transmitting unit configured to respectively transmit

signals of the at least two frequency spots 1n turn, or
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transmit signals of the at least two frequency spots at
the same time, to the system to be measured, so as to
be used for measuring the fundamental power and
harmonic power of the output signals of the system to
be measured on the at least two frequency spots.

8. An estimation method applied in the estimation appa-
ratus for a nonlinear characteristic of a system to be mea-
sured of a communication system, to improve the commu-
nication system performance by dealing with the nonlinear
characteristic of the system, the estimation apparatus is
configured 1n one of an electronic equipment and a receiver
and a transmitter of the communication system, the estima-
tion method comprising;:

respectively calculating groups of nonlinear coeflicients

of the nonlinear model of the system to be measured
corresponding to frequency spots according to mea-
sured Tundamental power and harmonic power of out-
put signals of the system to be measured on at least two
frequency spots, and taking nonlinear coeflicients cor-
responding to one of the at least two frequency spots as
nonlinear coeflicients of the nonlinear model of the
system to be measured;

calculating responses of a post-filter of the nonlinear

model of the system to be measured according to the
groups ol nonlinear coetlicients of the nonlinear model
of the system to be measured corresponding to the
frequency spots;

calculating responses of a pre-filter of the nonlinear model

of the system to be measured according to measured
linear filter responses of the system to be measured and
the responses of the post-filter of the nonlinear model
of the system to be measured; and

measured according to the nonlinear coeflicients of the
nonlinear model of the system to be measured, the
responses ol the post-filter of the nonlinear model of
the system to be measured and the responses of the
pre-filter of the nonlinear model of the system to be
measured.
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9. The method according to claim 8, wherein,
the respectively calculating of the groups of nonlinear

coellicients of the nonlinear model of the system to be
measured corresponding to the frequency spots accord-
ing to the measured fundamental power and harmonic
power ol output signals of the system to be measured
on the at least two frequency spots comprises:

e

‘erent

methods according to different symbols of the nonlin-
car coellicients.

10. The method according to claim 8, wherein the method
further comprises:
adjusting 1put and/or parameters of the system to be

measured at least once; and the calculating of the
nonlinear coellicients, the responses of the post-filter
and the responses of the pre-filter of the nonlinear
model of the system to be measured after each adjust-
ment of the input and/or parameters of the system to be
measured;

post-filter and the responses of the pre-filter of the
nonlinear model of the system to be measured before
the adjustment of the mput and/or parameters of the
system to be measured and averaging the nonlinear
coellicients, the responses of the post-filter and the
responses of the pre-filter of the nonlinear model of the
system to be measured after each adjustment of the
input and/or parameters of the system to be measured,
so as to obtain averaged nonlinear coellicients,
responses of the post-filter and responses of the pre-
filter of the nonlinear model of the system to be
measured; and

estimating the nonlinear characteristic of the system to be

measured according to the averaged nonlinear coetli-
cient, the responses of the post-filter and the responses
of the pre-filter of the nonlinear model of the system to
be measured.
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